separator tubes. At room temperature, pTogesterone concentrations decreased 35% by 4 h, 61% by 8 h, 92% by 24 h and 93% by 72 h in plasma from EDTA-treated blood; 49% by 4 h, 69% by 8 h, 91% by 24 h and 94% by 72 h in plasma from heparinized blood; 56% by 24 h and 83% by 72 h in serum from clot tubes, and 43% by 8 h, 60% by 24 h and 74% by 72 h in serum from serum separator tubes. In Exp. 2, we examined effects of storage times and temperatures on concentrations of the seven hormones in serum. Jugular venous blood from each of six diestrous Holstein cows was collected and allowed to clot for 3 h at 4 C. Subsamples of serum were stored 1 h (0 d) and 2, 4, 6 and 8 d at -20 C, 4 C or room temperature. Concentrations of none of the hormones changed when serum was stored for 8 d at -20 or 4 C. Storage of serum at room temperature for 8 d did not affect concentrations of T3, T4, prolactin or LH. However, the mean progesterone concentration was reduced 18% by 8 d and the mean insulin concentration was reduced 62% by 4 d, but did not decrease further. Cortisol was reduced 12% by 2 d and remained at this level through 8 d. These data indicate that immunological activities of several hormones commonly measured in reproductive and metabolic endocrinology are very stable, whereas, others are quite unstable in blood samples. Stability of hormones and other substances in biological samples must be considered when estimating their concentrations by radioimmunoassay. (Key Words: Hormones, Stability, Blood Samples, Radioimmunoassay.)
Introduction
The use of radioimmunoassays to quantify hormones in biological samples has greatly expanded our knowledge of endocrinology in 683 JOURNAL OF ANIMAL SCIENCE, Vol. 57, No. 3, 1983 recent years. However, even though radioimmunoassays have been used for 20 yr, relatively little is known about stability of hormones in blood samples that are collected, handled and stored under various conditions. This article describes two experiments designed to evaluate stability of seven bovine hormones in coagulated and anticoagulated blood and in serum when samples were stored for various lengths of time. The seven hormones included three proteins, luteinizing hormone (LH), prolactin and insulin; two amino acids, triiodothyronine (T3) and thyroxine (T4), and two steroids, cortisol and progesterone. These hormones were chosen for these studies because of their importance in animal science and because of their diversity in molecular size and chemical structure.
Materials and Methods
Exp. I. In this experiment, we determined if concentrations of T3, T4, LH, prolactin, insulin, eortisol and progesterone in serum and plasma were affected by exposure to cellular elements of blood when stored at two temperatures for 72 h (i.e., precentrifugation stability). Decreases in concentrations of some of the hormones due to effects of storage times and temperatures might have approached the limits of sensitivity of our radioimmunoassays. Therefore, six diestrous Holstein cows were selected for this experiment to assure high concentrations of progesterone in blood and were injected with various stimulating hormones to assure high concentrations of the other six hormones. Each cow received 20 IU of thyrotropin (TSH) 4 iv 4 h before collection of blood to increase concentrations of T3 and T4, 200 IU of adrenocorticotropin (ACTH) s im 2 h before collection to increase concentrations of cortisol, 40 /ag of gonadotropin-releasing hormone (GnRH) 6 iv 30 min before collection to increase concentrations of LH, 100 ~g of thyrotropin-releasing hormone (TRH) 6, and 1.5 mg of glucagon ~ iv 15 min before collection to increase concentrations of prolactin and insulin, respectively, in blood. Treatment with TRH raised concentrations of prolactin in blood of two of the cows to levels beyond the range of *Jensen-Salsbery Laboratories, Syracuse, NY. s Armour Pharmaceutical Co., Phoenix, AZ. 6 Sigma Chemical Co., St. Louis, MO.
Eli Lilly and Co., Indianapolis, IN. s Coming Glass Works, Corning, Nu the standard curve for the prolactin assay. Rather than diluting the serum or plasma, two additional cows were bled without pretreatment with TRH and blood from them was used instead.
Two-hundred milliliters of jugular venous blood were collected from each cow into four evacuated bottles. One bottle contained 300 mg of sodium ethylenediaminetetraacetic acid (EDTA), the second contained 3,000 units of liquid heparin and the remaining two bottles contained no anticoagulant. The order in which the bottles were used for collecting blood from each cow was randomized.
Subsamples of EDTA-treated or heparinized blood were dispensed immediately after collection into 16 polypropylene tubes; subsamples of blood from one of the bottles without anticoagulant were dispensed into 12 polypropylene tubes, hereafter referred to as "clot tubes," and subsamples from the second bottle without anticoagulant were dispensed into 12 glass serum separator tubes s containing a chemically inert serum separator and clot activator. One-half of the subsamples of each type of blood was stored at room temperature (22 to 26 C) and one-half was stored at 4 C.
One subsample of EDTA-treated blood and one subsample of heparinized blood were centrifuged (15 min at 600 x g) .25, .5, 1, 2, 4, 8, 24 and 72 h after collection. Subsamples of blood in clot and serum separator tubes were centrifuged 1, 2, 4, 8, 24 and 72 h after collection. Plasma or serum was recovered from each subsample and stored at -20 C until assayed for the seven hormones. All 56 subsamples of plasma and serum from each cow were analyzed for a particular hormone within a single radioimmunoassay to avoid potential effects of interassay variation.
Effects of storage time at each temperature on concentrations of hormones were examined by randomized complete block analysis, with cows considered as blocks (Daniel, 1978) . When the F-test for treatment (storage time) was significant, Dunnett's test (Steel and Torrie, 1960 ) was used to compare mean concentrations in plasma stored .25 h and serum stored 1 h with concentrations for each subsequent storage time.
Exp. 2. Effects of storage times and tem-
peratures on concentrations of the seven hormones in serum were investigated in this experiment (i.e., postcentrifugation stability). Six diestrous Holstein cows were treated with .1614 NIH-GH-B 18 (bovine growth hormone)
.0044 NIH-P-B6 (bovine prolactin)
.
LER-1640-3 (bovine FSH)
.0005
Prolaetin NIH-P-B6 (bovine prolactin) 1.0000 NIH-GH-B18 (bovine growth hormone)
.0084 NIAMMD-bLH-4 (bovine LH)
.0004 LER-1640-3 (bovine FSH) <.0003 NIAMMD-bTSH-9 (bovine TSH) <.0003
aRatio of the concentration of the specific hormone to the concentration of the potentially interfering hormone needed to inhibit binding of tracer to antibody by 50%.
ACTH and GnRH to increase concentrations of cortisol and LH in blood, respectively, as described above. In addition, each received 60 ml of a 50% glucose solution iv 5 min before blood collection to increase insulin levels. One-hundred fifty milliliters of blood without anticoagulant were collected by jugular venipuncture from each cow and allowed to clot at 4 C for 3 h. Serum was collected after centrifugation and subsamples were dispensed into 15 polypropylene tubes. Five subsamples were stored at -20 C, five at 4 C and five at room temperature (22 to 26 C). One subsample from each storage temperature was transferred to -70 C after 1 h (0 d) and 2, 4, 6 and 8 d of storage. All 90 subsamples were analyzed for each hormone within a single radioimmunoassay.
9 Micromedie Systems, Horsharn, PA.
Randomized complete block analysis was used to determine treatment (days of storage) effects for each storage temperature (Daniel, 1978) . Mean concentrations of hormones after 2, 4, 6 and 8 d were compared with the initial concentration (0 d) by Dunnett's test (Steel and Torrie, 1960) if the F-value for treatment was significant.
Radioimmunoassays. The radioimmunoassays for T3, T4, insulin, cortisol and progesterone used 8 • 50 mm antibody-treated polypropylene assay tubes and radioiodinated tracers 9. Procedures and validation data for the T3, T4 and cortisol assays for other species have been published (Reimers et al., 1981) . However, these assays were validated also to quantify these hormones in bovine samples. Serial dilutions of bovine sera containing low, medium and high concentrations of T 3, T4 or cortisol inhibited binding of tracer to the respective antibody in a manner that was parallel to inhibition by standard preparations. Relative activities of potentially interfering compounds in each assay are published (Reimers et al., 1981) . Procedures for and validation of the solid-phase radioimmunoassay for insulin in bovine samples have been published (Reimers et al., 1982) In the radioimmunoassay for progesterone, [l,2,6,7-3H]progesterone was added to each subsample of serum and plasma before extraction with petroleum ether (Niswender et al., 1975) to monitor extraction recovery. The extracted progesterone was dissolved in .05 M phosphate-buffered saline (pH 7.2) containing .5% bovine serum albumin (PBS-BSA). One hundred microliters of extract or standard, 800/~I of PBS-BSA and 100/~I (about 20,000 cpm) of progesterone-I l~-succinyl-1~I tyrosine methyl ester were added to polypropylene tubes coated with rabbit antibody against progesterone-1 lasuecinyl-BSA 9. The tubes were incubated for 3 h at 37 C and then rinsed twice with deionized water. Serial dilutions of extracts of bovine sera produced inhibition curves that were parallel with the standard curve. Concentrations of progesterone in extracts with and without prior purification on columns of Sephadex LH-20 agreed very well (12.1 vs 11.3 ng/ml; 10.4 vs 9.9 ng/ml; .6 vs .5 ng/ml, respectively). Recovery of progesterone (1.25, 2.5, 5, 10, 20 ng/ml) added to three samples of serum was quantitative. The correlation coefficient was 1.0, the slope of the recovery curve was 1.02 and the y-intercept was -.11 ng/ml. Relative activities of other steroids in the progesterone assay are shown in table 1. The intraassay coefficients of variation (CV) obtained from 10 duplicate determinations of progesterone in sera containing low, medium and high concentrations of progesterone are shown in table 2. The interassay CV for three pools analyzed in 10 consecutive assays are shown in table 2.
The radioimmunoassay for LH used antibody #15, kindly supplied by Dr. G. D. Niswender and the assay was performed as described by Niswender et al. (1969) . The radioimmunoassay for prolactin was performed as described by Davis et al. (1971) using a prolactin antiserum (DJB 7-0330) kindly supplied by Dr. D. J. Bolt. concentrations of T3, T4, LH, prolactin and cortisol were not affected by storage time or temperature. Whereas insulin concentrations were not affected by storage at 4 C, the mean concentrations Of this hormone in serum from clot and SST decreased 26% (P>.05) and 18% (P<.01), respectively, after storage for 72 h at room temperature:
Progesterone was the least stable of the seven hormones studied. After storage at room temperature, the mean progesterone concentration in plasma from EDTA-treated blood decreased 35% (P<.05) by 4 h although an apparent, but nonsignificant, decrease occurred between 1 and 2 h. The mean concentration of progesterone was reduced (P<.01) 61% by 8 h, 92% by 24 h and 93% by 72 h at room temperature. Mean progesterone concentrations in plasma from heparinized blood stored at room temperature decreased (P<.01) 49% by 4 h, 69% by 8 h, 91% by 24 h and 94% by 72 h. At room temperature, mean progesterone concentrations decreased (P<.01) 56% by 24 h and 83% by 72 h in serum from clot tubes and 43% by 8 h, 60% by 24 h and 74% by 72 h in serum from SST.
Progesterone concentrations decreased even when the samples were stored at 4 C, albeit at a slower rate. At 4 C, the mean progesterone concentration decreased (P<.01) 55% by 24 h and 73% by 72 h in plasma from EDTA-treated blood. It decreased 41% by 72 h (P<.01) in serum from clot tubes and 26% by 24 h (P<.05) and 36% by 72 h (P<.01) in serum from SST. 
Exp. 2. Effects

Discussion
Researchers in the animal sciences frequently and justifiably are very concerned about the performance of a particular radioimmunoassay in terms of specificity, accuracy, precision and sensitivity when estimating concentrations of a hormone or other substance in biological samples. However, an equally important factor determining reliability of such estimates is the quality of the samples in which the hormone is measured. Our data clearly indicate that the immunological activities of several hormones commonly measured in reproductive and metabolic endocrinology are very stable, whereas others are quite unstable (e.g., progesterone).
Short (1958), Vahdat et al. (1979 Vahdat et al. ( , 1981 , Holdsworth (1980) , Owens et al. (1980) and Olmer and Edqvist (1982) have reported previously that progesterone disappeared from anticoagulated bovine blood, even when the samples were refrigerated. Our data confirm these reports and also indicate that progesterone decreases in coagulated blood, but to a lesser extent than in anticoagulated blood. Short (1958) reported that progesterone in anticoagulated (oxalated) bovine blood was metabolized to another steroid, tentatively identified as 2013-hydroxypregn-4-en-3-one. Van der Molen and Groen (1968) reported that the product of this metabolism in ovine blood was 20c~-hydroxypregn-4-en-3-one and that the conversion was favored in the presence of glucose. Incubation of blood cells without glucose favored the oxidation of the 20a-metabolite to progesterone, possibly explaining the disappearance and then reappearance of progesterone in plasma from whole blood observed by Vahdat et al. (1981) and Olmer and Edqvist (1982) . Our experiment did not show this reappearance as reported by these investigators. of blood in SST caused a reduction in prolacun concentrations relative to other types of samples. The considerably lower concentrations of prolactin in SST, however, can be explained as an artifact of the sampling procedure. As indicated above, the order in which types of blood samples were collected from each cow was randomized. In one particular cow, blood samples were collected while prolactin concen; trations were increasing due to injection of TRH. The order of blood collection from this cow was as follows: sample for SST, sample for EDTA anticoagulant, sample for heparin anticoagulant, sample for clot tubes. The respective concentrations of prolactin in serum and plasma from these samples were approximately 17, 30, 80 and 95 ng/ml. This was much more variable than for other cows and this one cow accounted for the variation in prolactin concentrations among sample types. Nevertheless, it is still apparent that storage did not affect concentrations of prolactin once the samples were collected.
